This paper discusses new boundary constraints
equations reduce tothelongthinfin heattransfer equations witha finiteheattransfer coefficient in the transverse direction(normal to the planeof paper)anda largeheattransfer coefficient in the lateral direction. Mostof the elliptic grid generation studies referred to above have been centered on developing body conforming grids around bodies for external fluid flow simulations. The grids thus generated are smooth with at least first two derivatives continuous, appropriately stretched or clustered normal to any given coordinate direction and orthogonal over most of the griddomain. The inhomogeneous terms afforda grid controlto satisfy clustering and orthogonalky around specific surfaces(in three dimensions) and lines (in two dimensions).
In external flows, these inhomogeneous terms, i.e., the source terms and the dependent variable proportional terms, are designed to vanish away from the body so the problem reduces to solving a Laplacian away from the body.
In the present study, the inhomogeneous terms used are appropriate for an interior grid generation problem where all the boundaries enveloping the grid will affect the solution through these terms. 2
Governing Equations
The two-dimensional governing equations for an elliptic grid generation problem in an appropriately defined planar domain are 1.2 where _ and _7 are the generalized curvilinear coordinates, x and y are the Cartesian coordinates, and the P(_, 7?) and Q(_, 7?) are the inhomogeneous terms. The form of the inhomogeneous terms, P and Q, is, e.g., exponential 2 and is given by
where i refers to the grid boundary in question.
For the sake of argument, without loss of generality, if we take the case where _ > _i and _7 > _7i
, then we have the inhomogeneous terms as
At the boundaries, where _ = _i and 7?= _71, Equations (lc) and (ld) respectively become = and
Q(5 =
When bi{_ -(i{ or di{r] -77il is small, the inhomogeneous terms take the form given by
and Therefore, the governing equation for, e.g., _, in the vicinity of the boundary #i, becomes Similarly, if we consider the case when _i > (, then Equation (2) becomes
where 0 = {i -The term, a_, can be interpreted as a heat sink term.
Again, Equation(4) tells us that when { < (i, there is a balance between the heat convected from the boundary {i to a control volume in the interior, heat conducted out of the control voIume and the heat generated in the control volume due to the source, ai(r]).
From Equations (3) and (4), it can be seen that for a given convective heat flux (given number of grid lines), as the product, aibi, decreases, the heat transfer coefficient decreases proportionally in magnitude which means that the temperature gradient at the boundary _ has increased so that approaches _i rapidly. This means that there is a large gradient in _ from the grid boundary i to the interior, thereby resulting in a highly clustered grid near the boundary.
Away from this grid boundary, bill -fil or bilrl -Nil is large, and we are left with the Laplace equation, A_ = 0 or A N = 0 . Extremum principle is unconditionally maintained there, since the solution is harmonic in this case.
Referring to Equations (3)and (4), the Green's Theorem gives us respectively,
where S is the surface area of a closed domain, C is the boundary enclosing this domain, n is the normal to the surface, do-is the elemental area and ds is an elemental arc.
The integrands on the Ieft hand side, -t-ai and aibiO represent the heat sink/source term and the convection term respectively, and the integrand on the right hand side represents the heat flux through the boundary C.
Equations (5) and (6) are used as constraints to fix bi uniquely for a solution consistent with the specification of the boundary data. The extremum principle will be satisfied at the ith boundary, which is the requirement in the grid generation problems, since the energy conservation principle is satisfied.
The term, -4-ai(r]), respectively in Eqs. (6) and (5), is calculated iteratively through the solutionprocess,which togetherwith bi ensures the gridorthogonalityand a given gridspacing at the ith grid boundary. In what is stated above, a proof of concept study for an annulus and then a gear tooth is carried out to demonstrate the usefulness of the new boundary constraints. Then, the grid for the complete 19-tooth gear is generated using periodic boundary conditions in the circumferential direction. This is the only way to solve the grid generation problem in a larger context of structural dynamical simulation of the gear, since the grid for the entire gear will be subjected to dynamic stresses nonuniformly. The boundary constraints given by Equations (5) and (6) are applied to a region close to the boundary. For example, a finite slender strip close to the boundary, r2m_x, as shown in Fig. 1 , is used as a control volume to evaluate the heat source term and the convective flux term over it with the net heat flux calculated around it. Ac the rI = r}rn_z boundary, the heat u'anstbr coefficient, h_ is large, whereas the heat transfer coe_cient, hi is moderate. The grid is seen to be smooth and orthogonal throughout in this case, as expected. Figure 12 shows the gear tooth grid for one-sided clustering at the qm_ boundary. The value of the clustering parameter at the lower boundary is 5.0, which means that the grid is coarsest at the lower boundary and it progressively gets refined toward the upper boundary. Dirichlet boundary conditions were applied at the {1 and 4,_ boundaries. The strict enforcement of orthogonality at these boundaries is not of concern here since the grid for the 19-tooth gear is generated with the periodic boundary conditions prescribed at these boundaries. Fig. 16(a) and the corresponding solution convergence history is shown in Fig. 16(b) , where after 50 iterations, the solution aborts due to negative values of Jacobians. This is just an example of the problems encountered in the trial-and-error process in prescribing the decay parameter manually, for which now a solution has been found through the new constraints derived in the present study.
Finally, figure 17 shows a finite-difference grid model of pinion and driven gears in mesh. •15 _ , 
